Analysis of topoisomerase I and II cleavage sites on the Drosophila actin and Hsp70 heat shock genes.
We have compared topoisomerase I and II cleavage sites on the actin 5C and 57A genes and the hsp70 genes in Drosophila Kc cells using the inhibitors camptothecin (topoisomerase I specific) and VM-26 (topoisomerase II specific) to assess the role of these enzymes in transcriptional regulation. Topoisomerase I cleavage sites were localized to the transcribed regions of the actin 5C and hsp70 genes and were present only when these genes were active. The actin 57A gene, shown previously to be inactive in Kc cells, had no detectable topoisomerase I cleavage sites. In contrast to topoisomerase I, topoisomerase II cleavage sites could be detected on transcriptionally active and inactive actin and hsp70 DNA sequences. Topoisomerase II cleavage sites on the inactive hsp70 gene were primarily localized to the very 5' end of the transcribed region of the gene. However, upon heat-induced activation of hsp70 transcription, topoisomerase II cleavage rapidly shifted from the 5' to the 3' end of the gene. Then, during the shutdown of hsp70 expression, there was a gradual reappearance of topoisomerase II cleavage at the 5' end of the gene that temporally correlated with the repression of hsp70 transcription. There was a similar preferential association of topoisomerase II with the 5' ends of transcriptionally repressed actin 5C and 57A genes. These results demonstrate that there are marked differences in how topoisomerases I and II interact with transcriptionally active and inactive regions of chromatin. In addition, we have identified an unusual type of topoisomerase II binding site that is preferentially associated with the 5' ends of inactive hsp70 and actin genes, suggesting that this enzyme may facilitate changes in chromatin structure that are associated with repression of gene transcription.